ABSTRACT
INTRODUCTION
Nanocomposites have attracted attention in recent years because of improved mechanical, thermal, solvent resistant and fire retardant properties compared to the pure or conventional composite materials. Manias [1] defined nanocomposites as multi-phase solid materials where one of the phases has one, two or three dimensions of less than 100 nano metres (nm) or structures with nano-scale repeat distances between the different phases that make up the material.
Polypropylene is isotactic, notch sensitive and brittle under severe conditions of deformation such as low temperature or high temperature, hence limiting wider range of usage for manufacturing process. It is a versatile material widely used for automotive components, home appliances, and industrial applications attributed to their high impact strength and toughness when filler is incorporated. To meet demanding engineering and structural specifications, PP is rarely used in its original state and is often transformed into composites by the inclusion of fillers or reinforcements. Introduction of fillers or reinforcements into PP often alters the crystalline structure and morphology of PP and consequently results in property changes [2] . Among the promising nanofillers that have stirred much interest among researchers include organo clay, nano silica, carbon nano tube and nano calcium carbonate. Studies have shown that the large surface area possessed by these nano fillers promotes better interfacial interactions with the polymer matrix compared to conventional micrometer sized particles, leading to better property enhancement [3] .
There are a number of inorganic mineral fillers used in polypropylene. The most common of these fillers are talc, calcium carbonate and barium sulphate; other mineral fillers used are wollastonite and mica. Mineral fillers are generally much less expensive than polypropylene resin itself. Mineral fillers reduce the costs of the compound formed with polypropylene and also increase the stiffness. Mineral fillers also provide reinforcement to the polymer matrix as well. Some mineral filler are surface treated to improve their handling and performance characteristics [4] . Silanes, glycols, and stearates are used commercially to improve dispersion and processing, as well as to react with impurities.
Loadings of CaCO 3 in PP typically run from 10 to 50%, although concentration as high as 80% has been produced [5] . CaCO 3 is usually selected as filler when a moderate increase in stiffness is desired. The main secondary additive employed in CaCO 3 is a stearate. The stearic acid acts as a processing aid, helping to disperse the CaCO 3 particles . It also helps to prevent the absorption of stabilizers into the filler. Finally, as an added benefit, it acts to cushion the system, resulting in improved impact. The dispersion qualities of CaCO 3 particles play a crucial role in its toughening efficiency.
Also [5] [6] [7] [8] [9] [10] studied the compounding methods for PP reinforced with different nanofiller loadings of calcium carbonate to specify appropriate loading for optimum dispersion of filler at 0.10 volume fraction.
The visco-elastic nature of the matrix in many reinforced plastics causes their properties to be time and temperature dependent. Under a constant stress they exhibit creep which will be more pronounced as the temperature increases [11] . The mechanical properties of plastics are therefore viscoelastic, this means that they vary with time under load, the rate of loading and the temperature. Reinforcements are expected to improve the mechanical properties associated with Vol.9, No.10 Effects of Reinforcement Combinations of Calcium Carbonate Nanofiller 889 creep; hence this study investigates the influence of reinforcements on the mechanical properties associated with creep and the influence of creep on the PP/ CaCO 3 nanocomposites mechanical properties.
EXPERIMENTAL, THEORETICAL AND COMPUTATIONAL CONSIDERATIONS

Materials and Sample Preparation
The grade of polypropylene used in this work was SEETEC Homo polymer PP by LG Chem Korea. This acts as the matrix. The homo polymer PP has a density of 0.90g/cm 3 and a melt flow rate of 14g/10 minutes (2.16kg at 230 o C). The nano filler used in this work was calcium carbonate purchased from the local market in Aba. The calcium carbonate used was CALCO brand by Freedom Chemical Industries Nigeria which is of 44nm in particle size. The mould release agent used was Petroleum jelly (Vaseline).
The nanocomposites of this work were prepared by melting the PP in a mixer and melt compounding it with a coated calcium carbonate and uncoated calcium carbonate respectively at filler loadings of 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35% to 60% volume fractions of the coated and uncoated calcium carbonate respectively. The tensile samples were cast in a collapsible aluminum mould in accordance with ASTM standard D638 for tensile tests and the creep specimen was prepared as dumbbells by compression moulding in accordance to ASTM D2990 for tensile creep tests.
The PP was melted from its pelletized form at a temperature exceeding 180 0 C in a mixing container. Measured amounts of calcium carbonate was added to the melted PP by volume fractions and stirred continuously for 10 minutes to ensure a uniform dispersion of the mixture. The compounded mixture was cast in an aluminum mould that has been treated with a mould releasing agent and dried. The composite was allowed to cure and was later de-moulded. The above procedure was repeated for the stearic acid coated calcium carbonate previously prepared at 5%, 10%, 15%, 20%, and 30% to 60% volume fractions as shown in Table 1 .
Properties of Composites and Computational Relations
The mass of a nanocomposite material is the sum of the masses of the matrix (polymer) and the re-enforcing phase (filler). The properties of a composite material are a function of the starting materials [12] . The modulus of elasticity of the particle filled composite may be predicted using the following equations: where E = Modulus of elasticity, φ = volume fractions, Subscripts c, f and p represent the composites, filler and polymer [10, 13] . Also Guth [14] developed a relation for computing the modulus of composites of spherical particulate fillers as E E 1 2.5φ 14.1φ 3
where E is the Young's modulus of the composite, Em is the matrix Young's modulus and φ is the volume fraction of the filler. It has been reported that equation (3) is only applicable to composites filled with a certain amount of spherical fillers. If the filler concentration is higher than 0.10, the modulus increases much more rapidly than equation (3) would predict, attributed to the formation of a network by the spherical filler [10] . 
Mechanical Properties Testing and Evaluation
The tensile experiments were performed on ABBA Universal Testing Machine at CUTIX PlC, Nnewi at a laboratory temperature of 25 0 C with a cross head speed of 100mm/minute. A minimum of six samples were tested in each case for the coated and uncoated specimen at their various volume fractions. The results of this section are as in Tables 2 and 3. Vol.9, No.10
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Computation of Composite Modulus with Existing Relations
Following the relations of Eq. (3), Eq. (2), Eq. (3) and using excel computational tool the modulus of composite at various volume fractions were evaluated as in Table 4 and the values compared in Figure 1 . where where F = tensile stress, MPa, m = mass of sample under test, grams, g = specific gravity, 9.8g/m 2 was used to apply static loads of 400g, 500g, 600g and 700g on replicated samples of PPC each of cross sectional area of 2400mm 2 in order to establish static stresses of 13.08MPa, 16.35MPa, 19.61MPa and 22.88MPa to cause creep. The replicated samples of PP and PPC are then tested for creep at selected conditions following the equipment manufacturer's specifications and the results recorded as in Table 5 -9. 
Computations of Creep Rates of PPC at Various Compositions.
Creep rates at various operating conditions were evaluated by fitting linear polynomial function to strain-time creep data of various composite formulations using excel trend line to obtain the polynomial models from where the minimum creep rates are evaluated as presented in Tables  10-15 . 
Computation of Creep Strength (Creep limit) of PPC at Various Compositions
This is based on the computed elastic modulus and the ultimate creep strain of composites and the application of the relationship.
σ E 5
This is the principle used in the design of plastic parts [11] , so that by applying the approximate predictions of equation (2 and 3) in Table 4 and the associated strains of the compositions, the composite strengths are evaluated with excel package and presented in Table16-20. 
DISCUSSION OF RESULTS
In order to select proper materials for high temperature applications, it is necessary to acquire accurate design parameters such as, tensile strength, elastic modulus, limit strain, creep rate and creep strength from experimental data. Table 2 and Table 3 presented the influence of reinforcement combinations, the volume fraction on the tensile properties of PP. While the elongation at break decreases with increasing volume fraction, the tensile strength at 0.10 volume fraction is 45MPa for the stearic acid coated calcium carbonate nanofiller. For the uncoated nanofiller composite the maximum tensile strength at 0.10 volume fraction was 37.5MPa, elongation at break also decreases with increasing volume fraction.
Three classical equations were used to evaluate modulus of the reinforced composite at various volume fractions. Equation (1), Equation (2) and Equation (3) approximately predicted the composite modulus at 0.10 volume fraction as approximately 2GPa as shown in Table 4 [7] . It has been reported that equation (9) is only applicable to composites filled with a certain amount of spherical fillers. If the filler concentration is higher than 10 vol. %, the modulus increases much more rapidly than equation (9) would predict, attributed to the formation of a network by the spherical filler [10] .
Tables 5-7 describe the influence of temperature and reinforcement combinations (volume fraction) on the creep properties of PP. The data show that deformation increases with temperature, decreases with volume fraction in the range 0.05 -0.10 and fairly constant within the range of volume fraction specified. Tables 5, 8 and 9 show the influence of static stress level on the deformation behavior of PP at various volume fractions. Deformation was found to increase with increasing stress level but is fairly constant within the volume fraction range 0 -0.15 considered.
Creep rate at various temperature levels were evaluated by fitting first order polynomial to data of Tables 5, 6 and 7 using excel trend line on Figures 3, 4 and 5. Figures 3, 4 and 5 actually describe the steady state creep when a linear model is fit to the data. The first order steady state creep models obtained for reinforcement combinations are found in Tables 10 -15 . The creep rate at various reinforcement combinations are found in the table also, the creep rate increasing with increasing stress level.
The creep limit or creep strength was also evaluated for the different reinforcement combinations and was found to decrease with increasing temperature as shown in Tables 16 -18 . Creep limit was also found to increase with increased stress level due to increased deformation as found in Table 19 and 20 above. The minimum creep rate as influenced by stress level at 0.10 volume fraction was evaluated and found to increase with temperature in the range 25 0 C -50 0 C but increases with static stress level as found in Table 21 and Figure 11 . At 70 0 C it was found that the minimum creep rate decreases but increases with static stress level as found in Table 21 and Figure 10 also. This study evaluated the limit strains at various reinforcement combinations as well as the modulus at recommended volume fraction of PPC of 0.10 to aid Pseudo Plastic Design of plastic parts which uses the modulus and limit strain to evolve the design strength limit (Crawford, 1998) . Figures 9 and 10 showing lower creep rate at temperature level 70 0 C and higher creep limit at 70 0 C means that it may not be safe operating at that deformation rate because the limit stress was evaluated based on the limit strain evaluated at the elevated temperature. This therefore recommends the usage of PPC at temperature in the range of 25 Above all the minimum creep limit and creep rate as influenced by stress level and temperature is found to increase with stress level, decreasing with increasing temperature but showing increasing creep limit that may be attributed to strain hardening effects. 1. The tensile strength and elongation at break of PP was slightly reduced with the incorporation of the nano-filler at different volumes. The Young's Modulus increased for both the coated and the uncoated grades for filler concentrations. 2. Stearic acid coated fillers showed the highest improvement in the above tensile properties at low volume fraction (0.05-0.10). 5 The creep strains increases with increasing stress level and temperature due to increasing deformation hence influencing the mechanical properties of PP. 6 The minimum creep rate is found to increase with increasing stress levels and temperature, giving a linear relationship. 7 Creep rate increases with increasing volume fraction. 8 The test temperature is also shown to affect the creep limit (strength) observed. As the temperature increases, the stress level that gives the minimum creep rate reduces accordingly.
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